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Acute and long-term pacing thresholds were measured
prospectively in 74 patients with a unipolar/bipolar mul-
tiprogrammable pacemaker. At implantation, mean cur-
rent threshold was 0.48 ± 0.16 rnA with unipolar mode
and 0.55 ± 0.16 rnA bipolar mode (p < 0.01). R wave
amplitude at implantation was 7.78 ± 2.4 mV with uni-
polar and 7.67 ± 2.1 mV in bipolar mode (p = NS).
During long-term follow-up (mean 9.3 months; range 3
to 24), no clinically significant differences in pacing or
sensing thresholds were observed between bipolar and
unipolar configurations.
Lead configuration was changed 23 times in II pa-
tients. Symptomatic myopotential inhibition was cor-
The choice of endocardial lead configuration, unipolar or
bipolar, for long-term cardiac pacing has been a subject of
controversy (1,2), and problems associated with each lead
configuration have been reported. Arrhythmia induction,
poor sensing characteristics and oversensing have been de-
scribed with bipolar leads (3-8) . Skeletal muscle inhibition,
electromagnetic interference and oversensing of P and T
waves have been demonstrated with unipolar leads (9- 16).
Thus, the relative advantages in long-term threshold and
sensing characteristics of one lead configuration over the
other are of considerable importance to the physician in the
prescription of pacing systems.
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rected in two patients by reprogramming to the bipolar
pacing mode. High thresholds and loss of capture were
corrected in two patients by reprogramming to the
unipolar pacing mode. The remaining configurational
changes were made for improved sensing or pacing
thresholds. This study documents, in a large group of
patients, the equivalence of long-term unipolar and bi-
polar pacing and sensing thresholds and, in addition,
demonstrates that lead configuration programmability
offered some advantage in a subgroup of patients and
may have prevented reoperation in five patients.
(J Am Coll Cardiol 1985;5:1198-204)
The threshold behavior of endocardial leads has been
investigated in the acute setting (17-19). However, long-
term comparison of lead configuration at regular intervals
has not been possible until recently (20). Our study was
designed to assess the long-term threshold and sensing char-
acteristics of both unipolar and bipolar lead configurations
and the clinical utility of unipolar/bipolar programmability
in a large group of patients .
Methods
Patients undergoing implantation of a unipolar/bipolar
multiprogrammable pacemaker (model 336A, Cordis Cor-
poration) were followed up prospectively. At the time of
implantation, pacing and sensing thresholds were measured
in the unipolar and bipolar configuration.
Acute study. A Cordis pacing system analyzer (model
209A) was used to measure voltage threshold , current
threshold and lead impedance at pacemaker implantation.
Pulse width of the pacemaker was 1.25 ms and fixed. There-
fore, all threshold measurements were made using a 1.25
ms pulse width duration and a constant current waveform .
The threshold for stimulation was measured by increasing
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the output current until capture was observed. Voltage was
measured at the threshold current output. Measurements
were obtained in both bipolar and unipolar lead configu-
rations. R wave amplitude was measured using the pacing
system analyzer by taking the average of several beats in
each lead configuration. Maximal measurable R wave volt-
age is 10 mV with this system.
Long-term study. The multiprogrammable Cordis
pacemaker (model 336A) used in this study has rate, current.
sensitivity and pacing mode (unipolar versus bipolar) as
programmable options. Available settings are as follows:
output (1.0. 2.0. 4.0 and 7.0 mA); sensitivity (5.5. 5.0 ,
4.0. 3.5, 3.0.2.5. 1.5 and 0.8 mY) and lead configuration
(unipolar and bipolar).
During follow-up. pacing threshold and R wave ampli-
tude were approximated by noninvasive programming. Cur-
rent output was decreased to noncapture levels in paced
rhythm. Threshold current was defined as the lowest current
level with consistent capture. Measurements were obtained
in both unipolar and bipolar lead configurations. When an
underlying rhythm was present, the approximate R wave
amplitude for sensing threshold was defined as the pro-
grammed sensitivity value at which competitive pacing was
eliminated. Follow-updatawere obtained at 3 monthintervals.
Statistical analysis. Statistical comparisons of paired data
(unipolar versus bipolar) at pacemaker implantation were
made using Student' s t test. Serial data obtained during
follow-up were analyzed using Student's t test for paired
data (unipolar versus bipolar). Use of multiple t tests in-
creased the probability of finding a significant result at an
alpha level of less than 0.05. Therefore. a Bonferoni cor-
rection was performed (alpha = 0.05/no. of tests) and re-
ported. For long-term data. confidence intervals were de-
termined for the differences between paired data (21). In
addition, the follow-up data were analyzed using a 2 X 2
row and column contingency table to calculate a McNemar's
chi-square statistic (22). For this analysis, pacing thresholds
were defined as " optimal" when they were less than 4 mA
throughout the follow-up period and "suboptimal" when
they were 4 mA or greater at any point. The incidence of
these events was compared for bipolar and unipolar lead
configurations. Similarly, sensing thresholds were defined
as optimal when they were 3.5 mY or greater throughout
the follow-up period and suboptimal when they were less
than 3.5 mY at any point during follow-up, and a Me-
Nernar's chi-square statistic was calculated for differences
between unipolar and bipolar configurations. Data are pre-
sented as mean ± standard deviation.
Informed written consent was obtained from all patients
before pacemaker implantation according to the guidelines
of the Baylor Human Investigational Review Board.
Results
Acute threshold data. Implantation current and voltage
threshold data were obtained for both unipolar and bipolar
lead configurations in 56 and 55 patients, respectively. Volt-
age threshold was 0.39 ± 0.14 V for the unipolar and 0.48
± 0. 14 V for the bipolar pacing node (p < 0.01) . R wave
amplitude measured at pacemaker implantation in 55 pa-
tients was 7.78 ± 2.4 mV for the unipolar and 7.67 ± 2. 1
mV for the bipolar pacing mode with no significant differ-
ence between lead configurations (Fig. 1).
Long-term current threshold data. Serial studies were
performed during a mean follow-up period of 9.3 months
(range 3 to 24). Long-term (> 1 month after pacemaker
implantation) pacing threshold observations were made in
74 patients. At any point in time, some patients did not
Figure I. Comparison of unipolar /bipolar thresh-
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Figure 2. Comparison of long-term current thresh-
olds in unipolar and bipolar lead configurations. *Not













0 Impl.nt 1 3 6 9 12 15 18 >18
n=56 month months months months months months months months
p<O.OI n=64 n=61 n=37 n=31 n=17 n=15 n=6 n=5
p<O.05· ns ns ns ns ns ns ns
have both unipolar and bipolar threshold measurements per-
formed , and unpaired data were not analyzed. Long-term
current threshold data are presented in Figure 2 for both
unipolar and bipolar lead configurations. Maximal threshold
increase appears in both groups at I month , followed by a
decrease in pacing threshold. Confidence limits for the dif-
ferences between paired current threshold data (unipo-
lar/bipolar) are shown in Table I . The mean difference
between short-term unipolar and bipol ar thresholds is small
(0 .07 ± 0 .12 rnA), but significant for higher bipolar thresh-
olds . For long-term current thresh old data, the confidence
limits encompass zero at the probability level of less than
0.05 , with no significant difference in long-term unipo-
lar/bipolar current threshold. However, the mean of the
difference is always zero or a negative value, suggesting a
trend toward higher bipolar thresholds.
To determine the clinical significance of these observa-
tions , patients were defined as having either an optimal
threshold of less than 4 rnA or a suboptimal long-term
threshold of 4 rnA or greater. Analysis of the four patient
groups by a 2 x 2 contingency table showed that: I) 84%
of patients always had an optimal threshold in either lead
configuration (unipolar or bipolar ); and 2) there was no
significant difference in the distribution of suboptimal
threshold s between the two lead configurations (Fig . 3).
Long-term sensing threshold data. Long-term sensing
threshold data are presented in Figure 4 for bipolar and
unipolar lead configurations. A decrease in mean R wave
ampl itude is noted at I month after pacemaker implantation ,
but levels remain stable during the remainder of the follow-
up period . Confidence interval s for the differences in paired
sensing threshold data (unipolar/bipolar) are shown in Table
2. The confidence limits encompass zero (that is, no dif-
ference) at each time interval except for the 6 month data.
At 6 month s, the lower boundary threshold for the difference
of unipolar/bipolar data is 0 .005, suggesting a trend toward
lower R wave sens ing threshold in bipolar lead configura-
tion . During the follow -up period , the differences in uni-
Table I. Confidence Interval s for the Difference in Paired (unipolar/bipolar) Current Thresholds
Months
Implant 3 6 9 12 15 18 > 18
Mean - 0.073 - 0.125 -0.049 - 0.054 0 0 - 0.200 0 - 0.200
± SD 0.121 0.577 0.284 00405 0 0.354 0.775 0 0.477
No. of 56 64 61 37 31 17 15 6 5
patient s
Lower - 0.106 - 0.269 - 0.122 - 0. 189 0 -0. 182 -0.629 0 ..,.0.755
boundary
Upper 0.041 0.019 0.024 0.081 0 0.182 0.229 0 0.355
boundary
Confidence interval s were determined for the difference (unipolar/bipolar) in paired data.
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Figure 3. Frequencyof optimal and suboptimal long-term sensing
thresholds. Chi2 = chi-square statistic.
polar/bipolar sensing thresholds for paired data include both
positive and negative values for the mean difference, sug-
gesting that there is no overall trend for superior sensing
threshold in either lead configuration.
To confirm this observation, patients were defined as
having an optimal sensing threshold of 3.5 mV or greater
or a suboptimal threshold of less than 3.5 mY. Analysis of
the four patient groups showed that: I) 80 and 76% of
unipolar and bipolar groups, respectively, had an optimal
sensing threshold throughout the study period; and 2) there
was no significant difference in the incidence of suboptimal
sensing threshold in either lead configuration (Fig. 3).
Clinical lead configuration programming events. Lead
configuration was changed 23 times in II patients by non-
invasive programming. During the peri-implantation period
(0 to 30 days after pacemaker implantation), 10 lead con-
figuration changes were made. Two unipolar to bipolar
10
8
changes were made to correct oversensing and one change
was made to improve sensing threshold. Seven bipolar to
unipolar changes were made, three because of high bipolar
thresholds and loss of capture, and four to improve sensing
threshold.
At 1 month, eight changes in lead configuration were
made. Seven unipolar to bipolar changes were made because
of better bipolar sensing thresholds. One bipolar to unipolar
change was made for improved unipolar pacing threshold
after loss of capture in bipolar lead configuration.
At 3 months, two changes in lead configuration were
made, one unipolar to bipolar and one bipolar to unipolar.
Both changes were made to improve sensing threshold. At
6 months, no changes in lead configuration were made.
During late follow-up (9 to 18 months), three changes
in lead configuration were made. Two changes were uni-
polar to bipolar and one bipolar to unipolar. All changes
were made to improve sensing threshold.
It is estimated that configuration programmability pre-
vented reoperation in five patients and delayed reoperation
in one patient. Symptomatic oversensing of pectoral muscle
potentials was corrected in two patients with programming
from unipolar to bipolar. High sensing thresholds and loss
of capture were corrected in three patients with program-
ming from bipolar to unipolar. In two patients, the increases
in sensing threshold were temporary and a return to adequate
bipolar thresholds was seen with longer follow-up.
Discussion
Our study provides a prospective comparison of the long-
term threshold behavior of unipolar and bipolar pacing lead
configuration in human beings. A large patient group was







Figure 4. Comparison of chronic sensing thresh-
olds in unipolar and bipolar lead configurations.
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Table 2. Confidence Intervals for the Difference in Paired (unipolar/bipolar) Sensing Thresholds
Months
Implant 3 6 9 12 15 18 > 18
Mean 0.107 0.143 0.053 0.167 - 0.067 0.393 0.429 - 0.125 -0.100
± SO 1.754 0.692 0.482 0.478 0.450 0.789 0.997 0.250 1.636
No. of 56 49 53 36 30 14 14 4 5
patients
Lower - 0.362 - 0.056 -0.080 0.005 - 0.235 - 0.063 -0.147 - 0.523 - 2.13
boundary
Upper 0.577 0.342 0.186 0.328 0. 101 0.848 1.00 0.273 1.93
boundary
Confidence intervals were determined for the difference (unipolar/bipolar) in paired data.
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implantation changes to stabilize. Further, extended follow-
up provided an estimation of the clinical utility of config-
uration programmability.
These data may be summarized as fo llows: I) No clini-
cally significant differences in bipolar or unipolar pacing or
sensing thresholds were observed for the group during short-
or long-term follow-up. However , small but statistically
significant differences in bipolar and unipolar current and
voltage thresholds were noted at pacemaker implantation.
The long-term current thresholds showed no significant dif-
ferenc es when corrected for the use of multiple t tests,
althou gh a trend toward higher long-term bipolar thresholds
was observed. This trend involved small difference s that
were clinically and statistically significant when corrected
for the use of multiple paired t tests ; 2) individual cases
were observed in which either one or the other lead config-
uration had clear-cut advantages; 3) lead configuration pro-
grammability can sometimes successfully substitute for
reoperation and lead revision ; 4) unipolar pacing was as-
sociated with clinically significant oversensing due to my-
opotential inhibition, whereas no episodes of bipolar ov-
ersensing were observed; 5) in most patients, long-term
pacing was performed using the bipolar lead configuration
and no untoward event s attributable to this form of pacing;
and 6) lead values were stable after I month .
Unipolar versus bipolar lead configurations for long-
term pacing. Over the past decade, concern regard ing the
potential of bipolar pacing to induce arrhythmias and the
ease of insertion of small unipolar pacing leads have led to
the widespread use of unipolar pacing (3,4) . However , nu-
merou s report s (9- 16,23,24) of myopotential inhibition and
electromagnetic interference with unipolar pacing have pro-
vided renewed interest in long-term bipolar pacing. Previous
comparisons (17,25-27) of bipolar and unipolar lead sys-
tems have been limited to implant information and data
obtained at the time of reoperation for battery depletion. In
an early report by Dekker et al. (25), stimulation thresholds
for long-term epicardial leads were evaluated. They found
that long-term bipolar thresholds were similar to those of
unipolar cathodal stimulation. Luceri et al. (26) evaluated
a large group of long-term unipolar pacing thresholds and
a small group of long-term bipolar thresholds. A high in-
cidence of poor bipolar threshold behavior was observed.
Furman et al. (18) reported that current threshold was gen-
erally similar for unipolar and bipolar lead configurations,
whereas voltage was usually higher for bipolar pacing . Fre-
quent serial compari sons of unipolar and bipolar thresholds
have not been possible until recentl y.
The availability of a multiprogrammable pacing system
with programmable lead configuration has allowed us to
make frequent observations of threshold behavior comparing
unipolar and bipolar lead configurations in the same patien t.
In a recent report , Breivik et al. (20) examined the threshold
behavior of 15 patients at pacemaker implantation and over
a 6 month follow-up period using a lead programmable
system. Short-term bipolar thresholds were significantly lower
during constant current pacing, but not during constant volt-
age pacing (28). This finding is at odds with our own im-
plantation data. Our study found small but statistically sig-
nificant differences in threshold at pacemaker implantation
in a large patient group, with bipolar implant current and
voltage thresholds slightly higher . At follow-up in the
Breivik study (20), bipolar and unipolar thresholds were
similar in 14 patients and in I patient bipolar thresholds
were higher. No statistical comparison of unipolar and bi-
polar pacing was made.
Sensing function in unipolar and bipolar configura-
tion. The sensing characteristics of unipolar and bipolar
systems are vastly different from their generally equivalent
stimulation characteristics . Unipolar pacing , with a wide
dipole , is far more sensitive to electromagnetic and my-
opotential interference (9- 16,23,24). Local cardiac electro-
grams, however , have an equivalent R wave height in both
unipolar and bipolar lead configurations (29). This finding
was confirmed in our study both at implantation and during
follow-up, with no significant difference s noted between
electrographic amplitudes. Breivik et al. (28) observed a
small but significant difference in bipolar versus unipolar R
wave height (Il.l versus 10.1 mY) in a small group of
patients at implantation. The present study showed no sig-
JACC Vol. 5. No.5
May 1985:1198-204
NIELSEN ET AL.
LONG-TERM ASSESSMENT OF PACING THRESHOLDS
1203
nificant difference in unipolar or bipolar R wave height at
pacemaker implantation in a much larger patient group.
However, the limitation of our pacing system analyzer to
measure R waves at implantation may have obscurred dif-
ferences resulting from very large (> 10 mY) R waves.
Long-term sensing thresholds were equivalent in our study
and confirmed the short-term data of Breivik et al. (20).
Thus, R wave amplitude seems equivalent in both unipolar
and bipolar lead configurations at implantation and during
long-term follow-up.
Lead configuration programmability. Myopotential
inhibition is a common source of demand pacemaker ov-
ersensing (1,2). In our study, two patients had symptomatic
myopotential inhibition in the unipolar lead configuration.
Reprogramming to bipolar lead configuration avoided op-
erative lead revision and preserved the sensing capability
of the system. The infrequent occurrence of myopotential
inhibition in this study is most likely a consequence of the
predominant use of the bipolar lead configuration for long-
term pacing. Numerous reports (9-15,23,24) of myopoten-
tial inhibition with unipolar leads has underscored this prob-
lem. However, there have been only rare reports (7,8) of
myopotential inhibition with endocardial bipolar pacing, and
such inhibition was not observed in our study. The initial
choice of unipolar lead configuration in the two patients
who subsequently developed myopotential inhibition was
arbitrary. Therefore, the fact that the problem could be
repaired by reprogramming lead configuration also raises
the question of why they were left in unipolar pacing mode
initially. The answer is simply clinical preference. Lead
configuration programmability was useful in correcting the
symptomatic myopotential inhibition. However, in retro-
spect the problem could have been avoided by using a bi-
polar lead configuration at the outset.
The advantages of lead configuration programmability
were evident in this study. Eleven patients had 23 lead
configuration changes. The majority of unipolar or bipolar
changes were due to oversensing in unipolar configuration
or superior bipolar sensing thresholds. Bipolar to unipolar
changes were made to obtain better stimulation thresholds
(five cases) or improved sensing thresholds (six cases). Re-
operation was avoided in five patients as a result of lead
reprogramming, two with symptomatic myopotential inhi-
bition and three with stimulation thresholds higher in one
lead configuration than the other. Furthermore, one patient
had reoperation for high thresholds delayed by reprogram-
ming to the alternate lead configuration. The clinical utility
of lead configuration programmability, although apparent
from the data, should not be overemphasized. The decision
regarding reoperation would have been based on a large
number of clinical factors. Furthermore, reoperation would
have represented only one of several clinical options. For
example, in a patient without significant pacemaker depen-
dence, one might choose to wait and see if long-term pacing
thresholds stabilized and become clinically acceptable.
Therefore, our experience only suggests that lead configu-
ration programmability may be a useful clinical option.
Clinical implications. The experience derived from the
present study further documents the equivalence of acute
and long-term pacing thresholds in the unipolar and bipolar
lead configurations. R wave height at pacemaker implan-
tation and long-term sensing thresholds are equivalent for
both lead configurations. Configuration programmability of-
fered some advantage to a small group of patients and may
have prevented reoperation in five. Problems due to over-
sensing in unipolar lead configuration, emphasized in recent
reports, were also noted in this study. Therefore, on the
basis of these data we feel that bipolar or lead configuration
programmable pacing is preferable to unipolar pacing for
single chamber ventricular pacing systems.
We gratefully acknowledge the secretarial assistance provided by Frances
Siller in the preparation of this manuscript.
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